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Wilsonvi l le  c o a l  l i q u e f a c t i o n  r e s i d u e s  inc luding  vacuum tower bottoms (VTB), 
c r i t i c a l  s o l v e n t  deashing (CSD) product r e s i d s ,  and CSD ash concent ra tes  
were pyrolyzed v i a  isothermal  thermogravimetr ic  a n a l y s i s .  
g a s ,  l i q u i d ,  and coke were found t o  be i n s e n s i t i v e  t o  temperature  over t h e  
range of 800-1200°F. The y i e l d s  of p y r o l y s i s  products  generated from t h e  CSD 
r e s i d s  i n d i c a t e  t h a t  t h e  CSD r e s i d s  r e p r e s e n t  t h e  more thermally r e a c t i v e  and 
v o l a t i l e  p o r t i o n s  of t h e  VTB. The tendency of such r e s i d s  t o  form coke upon 
p y r o l y s i s  c o r r e l a t e s  wi th  phenol ic  hydroxyl  conten t .  Unusually low gas  p lus  
l i q u i d  y i e l d s  f o r  t h e  r e l a t i v e l y  hydrogen r i c h  a s h  c o n c e n t r a t e s  c o r r e l a t e s  
with high heteroatom and mineral  m a t t e r  c o n t e n t s .  Di f fe rences  observed i n  
p y r o l y s i s  y i e l d s  for samples from Wilsonvi l le  r u n s  made with and without  
recyc le  o f  unconverted c o a l  and mineral  mat te r  f u r t h e r  c h a r a c t e r i z e  t h e  r o l e  
of such r e c y c l e .  

Pyro lys i s  y i e l d s  of  

INTRODUCTION 

I n  t h e  development of c o a l  l i q u e f a c t i o n  processes ,  t h e  p y r o l y s i s  (notably 
delayed and f l u i d  coking)  of c o a l  l i q u e f a c t i o n  r e s i d u e s  ( r e s i d s )  has been 
incorpora ted  i n t o  l i q u e f a c t i o n  process  des ign  t o  supplement l i q u i d  y i e l d s .  
The fo l lowing  r e p o r t  p r e s e n t s  a n  update on t h e  v i a b i l i t y  of low tempera- 
t u r e  p y r o l y s i s  f o r  t h e  processing of c o a l  l i q u e f a c t i o n  r e s i d s .  S p e c i f i c a l l y ,  
t h e  r e p o r t  examines s h o r t  contac t  t i m e  p y r o l y s i s  y i e l d s  from var ious  l ique-  
f a c t i o n  r e s i d s  genera ted  a t  t h e  Advanced Two-Stage Coal Liquefact ion RBD 
F a c i l i t y  at Wilsonvi l le .  

EXPERIMENTAL 

Liquefac t ion  r e s i d  a p p l e s  were obtained from t h e  c o a l  l i q u e f a c t i o n  f a c i l i t y  
a t  Wi lsonvi l le ,  AL. The Wilsonvi l le  p i l o t  p l a n t  was opera t ing  i n  a two- 
s t a g e  mode w i t h  d i r e c t  coupl ing of t h e  thermal  l i q u e f a c t i o n  and c a t a l y t i c  
( h y d r o t r e a t e r )  r e a c t o r s  a s  shown i n  t h e  schematic ,  F igure  1. Af te r  f l a s h i n g  
and vapor recovery,  t h e  r e s i d u a l  vacuum bottoms (VTB) c u t  w a s  fed  t o  a c r i t i -  
c a l  s o l v e n t  deashing (CSD) u n i t  ( c u r r e n t l y  des igna ted  t h e  ROSE-SR process  by 
Kerr McGee Corp.) t o  r e j e c t  an ash  c o n c e n t r a t e  and recover  an ash  f ree- res id .  
The VTB product ,  CSD r e s i d ,  and CSD a s h  c o n c e n t r a t e  from t h r e e  Runs were 
s tud ied .  I n  Run 250D, t h e  l i q u e f a c t i o n  feed s o l v e n t  c o n s i s t e d  of r e c y c l e  
d i s t i l l a t e s  p l u s  CSD r e s i d .  I n  Runs 250H and 251E, t h e  recyc le  of VTB r e s i d ,  
inc luding  unconverted coal and mineral  m a t t e r ,  was added t o  t h e  feed so lvent .  
In  Run 251E. c a t a l y s t  was a l s o  loaded i n t o  t h e  thermal  l i q u e f a c t i o n  r e a c t o r .  
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A l l  t h r e e  runs were made wi th  I l l i n o i s  No. 6 c o a l  a t  e s s e n t i a l l y  t h e  same 
r e a c t i o n  condi t ions.  The r e l e v a n t  c h a r a c t e r i z a t i o n  d a t a  a r e  presented  i n  
Table I f o r  t h e  runs of i n t e r e s t .  

Thermogravimetric (TGA) w a s  used to  screen  p y r o l y s i s  coke, l i q u i d ,  and gas  
y i e l d s  a s  a func t ion  of temperature .  
atmosphere a t  a preprogrammed h e a t i n g  r a t e  of  5-50°C/min., an i so thermal  
TGA procedure was developed t o  mimic t h e  more rap id  hea t ing  r a t e s  charac-  
t e r i s t i c s  of s h o r t  contac t  t i m e  p y r o l y s i s  processes .  Provis ion  was made t o  
c o l l e c t  and weigh t h e  l i q u i d s  a s  w e l l  a s  recovered "coke" ( r e s i d u a l  m i n e r a l  
m a t t e r ,  unconverted c o a l ,  and coke) .  Gas y i e l d s  were c a l c u l a t e d  by d i f f e r -  
ence. Although r e p r e s e n t a t i v e  process  v a r i a b l e  e f f e c t s  and product q u a l i t y  
d a t a  could not  be obtained due t o  t h e  small sample s i z e s  involved,  such 
screening provided a r e l a t i v e  measure of p y r o l y s i s  y i e l d s  among samples as 
a func t ion  of temperature. 

T r a d i t i o n a l l y  operated under a n  i n e r t  

RESULTS 

Prel iminary screening  of t h e  coke y i e l d  of t h e  Wilsonvi l le  samples w a s  
c a r r i e d  out  by s tandard  and i so thermal  TGA runs.  I n i t i a l  sc reening  of 
Run 250H VTB ind ica ted  t h a t  coke y i e l d s  were i n s e n s i t i v e  t o  h e a t i n g  r a t e ,  
s a m p l e  s i z e ,  and purge n i t r o g e n  flow r a t e .  Pyro lys i s  y i e l d s  f o r  Run 250D 
and Run 250H VTB products  a r e  p l o t t e d  i n  F igure  2 as a f u n c t i o n  of p y r o l y s i s  
temperature. The i n s e n s i t i v i t y  of t h e  y i e l d s  t o  pyro lys i s  temperature  over  
t h e  range (800-1200°F) i n v e s t i g a t e d  sugges ts  t h a t  t h e  VTB c u t s  a r e  h ighly  
aromatic and not  r e a d i l y  thermally cracked under p y r o l y s i s  condi t ions .  Such 
high aromat ic i ty  i s  due t o  t h e  condensed s t r u c t u r e  of the  o r i g i n a l  c o a l  
feedstock and t h e  l i q u e f a c t i o n  and concomitant r e t r o g r e s s i v e  r e a c t i o n s  t o  
which i t  i s  subjec ted  i n  t h e  l i q u e f a c t i o n  process .  The decrease  i n  l i q u i d  
y i e l d s  with VTB recyc le ,  which is seen  i n  comparing products  of Run 250D w i t h  
those  of Run 250H and 251E, i s  a t t r i b u t e d  t o  a d d i t i o n a l  s o l u b i l i z a t i o n  and 
r e a c t i o n  of recycled VTB organic  mat te r  i n  t h e  l i q u e f a c t i o n  r e a c t o r s .  This  
leads  t o  t h e  formation of more h ighly  condensed r e s i d s .  

For t h e  key Wilsonvi l le  runs  on bituminous coa l .  average p y r o l y s i s  l i q u i d  
y i e l d s  a r e  p l o t t e d  versus  feed  H / C  r a t i o  i n  Figure 3. The l i q u i d  y i e l d s ,  
d e s p i t e  diminished vapor phase cracking of t h e  v o l a t i l e s  evolved i n  t h e  TGA 
experiments, a r e  comparable t o  average Exxon s imulated f l u  king y i e l d s  
f o r  samples of r e s i d s  from t h e  H-Coal and SRC-I processes .  "-" Such r e s u l t s  
support  a phys ica l  p i c t u r e  i n  which f l u i d  coking of Wi lsonvi l le  r e s i d s  l e a d  
pr imar i ly  t o  v a p o r i z a t i o n  of remaining v o l a t i l e s  w i t h  l i t t l e  concomitant 
l i q u i d s  upgrading. Liquid y i e l d s  obtained from pyro lys is  of t h e  CSD r e s i d s  
represent  t h e  more v o l a t i l e  f r a c t i o n s  of t h e  thermally r e a c t i v e  p o r t i o n  of 
t h e  CSD feeds.  MoKeOVeK. cons ider ing  t h e  high H/C r a t i o ,  t h e  CSD a s h  con- 
c e n t r a t e s  y i e l d  unusual ly  low q u a n t i t i e s  of l i q u i d  product upon p y r o l y s i s .  
The organic  mat ter  r e j e c t e d  i n  t h e  ash  concent ra te  r e p r e s e n t s  h ighly  condens- 
ed and n o n v o l a t i l e  aromatic  s t r u c t u r e s  which a r e  heteroatom r i c h  and e x h i b i t  
s t r o n g  i n t e r a c t i o n s  (adsorpt ion and/or  chemical bonding) w i t h  t h e  a s h  minera l  
matr ix .  

To examine t h e  coking tendencies  of t h e  Wilsonvi l le  Streams, s e l e c t e d  CSD 
feed and product  r e s i d s  were f r a c t i o n a t e d  by s e q u e n t i a l  Soxhlet  e x t r a c t i o n  
with n-pentane. toluene,  and te t rahydrofuran  (THF) t o  o i l  (pentane s o l u b l e ) ,  
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asphal tene  (pentane  i n s o l u b l e ,  toluene s o l u b l e ) .  p reasphal tene  ( toluene 
inso luble ,  THF s o l u b l e ) ,  and lumped ash/unconverted coal /coke (THF-insoluble) 
f r a c t i o n s .  Although a r b i t r a r y  i n  measure, such a f r a c t i o n a t i o n  scheme permi ts  
a f i n e r  r e s o l u t i o n  of t h e  chemistry involved i n  terms t r a d i t i o n a l l y  appl ied  t o  
coal-derived products .  The f r a c t i o n s  i n  t u r n  were pyrolyzed a t  1100°F t o  
examine t h e  p r o p e n s i t y  of each t o  form coke. The r e s u l t s  are summarized i n  
Table I1 f o r  VTB and CSD r e s i d s .  

Comparison of  t h e  r e s u l t s  of Table I1 shows t h a t  a l l  t h r e e  VTB c u t s  a r e  
s i m i l a r  i n  c h a r a c t e r .  Coke y i e l d s  from CSD feed o i l s ,  asphal tenes ,  pre- 
asphal tenes ,  and THF-insoluble r e s i d u e s  average about 4 ,  47, 67, and 89 w t % ,  
respec t ive ly ,  seemingly independent of  t h e  a c t u a l  feed  c o n t e n t s  of each 
f r a c t i o n .  Given Soxhle t  e x t r a c t i o n  d a t a  of a Wilsonvi l le  CSD feed,  l i n e a r  
weighting of t h e  above r a t i o s  by concent ra t ion  r e s u l t s  i n  a p r e d i c t i o n  of 
a c t u a l  coke make a c c u r a t e  t o  2 3%. Devia t ions  from t h e  c i t e d  averages and 
r e s u l t a n t  y i e l d  p r e d i c t i o n s  co inc ide  wi th  s h i f t s  i n  phenol ic  hydroxyl a c t i v -  
i t y  measured by FTIR. Decreasing coke make i n  the  p y r o l y s i s  of 250D. 250H, 
and 251E VTB o r g a n i c  f r a c t i o n s  ( o i l s .  asphal tenes .  and preasphal tenes)  
p a r a l l e l s  decreas ing  phenol ics  conten t  of t h e  whole r e s i d  (Figure 4 ) .  Quick 
c a l c u l a t i o n s  show t h a t  t h i s  s imple r a t i o  approach a l s o  p r e d i c t s  w e l l  the coke 
make of t h e  CSD ash  c o n c e n t r a t e s ,  underpredic t ing  coke y i e l d  by only 1%. A s  
with t h e  VTB c u t s ,  the d e v i a t i o n s  can  be c o r r e l a t e d  wi th  phenol ic  hydroxyl 
content  v i a  FTIR. 

Attempts t o  c o r r e l a t e  the  CSD product  r e s i d  f r a c t i o n s  of Table  I1 proved l e s s  
successfu l .  The m a t e r i a l  which i s  recovered as product  r e s i d  r e p r e s e n t s  t h e  
more v o l a t i l e  and thermally r e a c t i v e  components of t h e  VTB c u t s .  
na ture  of such m a t e r i a l  v a r i e s  with l i q u e f a c t i o n  s e v e r i t y  and subsequent CSD 
u n i t  opera t ion ,  t h e  tendency of the  v a r i o u s  CSD r e s i d  f r a c t i o n s  ( o i l s ,  
asphal tenes ,  etc.) to  form coke appears  t o  vary  g r e a t l y  with c o a l  feeds tock  
and process  c o n f i g u r a t i o n .  The CSD r e s i d  o i l  f r a c t i o n  makes up the bulk of 
t h e  VTB o i l  f r a c t i o n  recovered by e x t r a c t i o n  and s o l i d i f i c a t i o n .  
r e s i d  asphal tene  and preasphal tene  f r a c t i o n s  form less coke than  t h e i r  VTB 
product c o u n t e r p a r t s ;  thus they appear t o  represent  t h e  more v o l a t i l e  f r a c -  
t i o n s  and cracked products  of t h e  parent  VTB r e s i d  f r a c t i o n s .  Among the  t h r e e  
CSD r e s i d s  s t u d i e d ,  l i k e  r e s u l t s  a r e  obtained for  coke y i e l d s  from t h e  Soxhlet  
f r a c t i o n s  f o r  Runs 250D and 251E. Again, t h e  increased  coke make of  Run 250H 
asphal tene  and preasphal tene  f r a c t i o n s  r e l a t i v e  t o  t h e  corresponding f r a c t i o n s  
of 250D and 251E CSD r e s i d s  co inc ides  with an increase  i n  t h e  phenol ic  
hydroxyl conten t  of  t h e  whole r e s i d s .  

A s  t h e  

The CSD 

CONCLUSIONS 

Despi te  an i n c r e a s e  of  l i q u i d  y i e l d s  due t o  t h e  development of  two-stage 
l i q u e f a c t i o n  processes ,  Wi lsonvi l le  l i q u e f a c t i o n  r e s i d s  a r e  s i m i l a r  t o  those  
obtained from o l d e r  l i q u e f a c t i o n  processes  i n  t h a t  they  g ive  s i m i l a r  y i e l d s  
when subjec ted  t o  thermal  pyro lys i s .  
hence r e s i s t a n t  t o  thermal  c racking ,  lead ing  t o  a p y r o l y s i s  i n  which l i q u i d  
recovery is e f f e c t e d  by l i m i t e d  cracking and e x t e n s i v e  vapor iza t ion  of l i g h t e r  
o i l  ap$asphal tenic  f r a c t i o n s .  Heteroratom content  and r e t r o g r e s s i v e  reac- 
t i o n s  p a r t i a l l y  masked by poorly understood organic- inorganic  i n t e r a c t i o n s  
with t h e  minera l  m a t t e r  play a dominant r o l e  i n  determining t h e  n a t u r e  of t h e  
l i q u e f a c t i o n  r e s i d s .  

The r e s i d s  a r e  h ighly  aromatic  and 
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TABLE I1 

PYROLYSIS YIELDS OF WILSONVILLE RESID FRACTIONS AT 1100°F 

Wilsonville Extracted Feed Composition, Pyrolysis Coke Yield, 
Run No. Fraction Wt% Wt% Feed Sample 

I. VTB FRACTIONS 

250D Oils 46.4 
Asphaltenes 24.0 
Preasphaltenes 8.8 
Ash + Unconverted 20.8 
Coal + Coke 

250H Oils 29.3 
Asphaltenes 21.4 
Preasphaltenes 13.1 
Ash + Unconverted 36.2 
Coal + Coke 

251E 

250D 

250H 

251E 

Oils 33.2 
Asphaltenes 17.7 
Preasphaltenes 9.4 
Ash + Unconverted 39.7 
Coal + Coke 

11. CSD PRODUCT RESID FRACTIONS 

Oils 22.2 
Asphaltenes 49.7 
Preasphaltenes 27 .o 
Ash + Unconverted 1.2 
Coal + Coke 

Oils 39.8 
Asphaltenes 27.2 
Preasphaltenes 33.0 
Ash + Unconverted 0.0 
Coal + Coke 

Oils 39.8 
Asphaltenes 34.4 
Preasphaltenes 25.5 
Ash + Unconverted 0.3 
Coal + Coke 

7 
52 
74 
88 

4.5 
49 
68 
91 

1.9 
46 
58  
89 

8 
26 
40 
76 

4.5 ?: 0.7 
49 t 2.3 
58 2 3.5 -- 

3.7 
37 
51  
86 
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